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Summary

This review applied cardiovascular principles relevant to the _ in interpreting studies on the
utility of a passive leg-raising manoeuvre to identify patients who do (responders) or do not respond to a subsequent
intravenous volume challenge with an increase in cardiac output. Values for cardiac output, mean arterial and central
venous pressure, and the calculated cardiovascular variables mean systemic filling pressure analogue, heart efficiency,
cardiac power indexed by volume state and volume efficiency, before and after passive leg raising as well as before and
after fluid volume challenge, were extracted from published studies. Eleven studies including 572 patients and 52%

responders were analysed. [Cardiac output increased by 12% in Feésponders during [passive leg raising and byl22% fol-
lowing a -- - statistically significant _ were found between _ and .responders
in cardiac output, mean arterial or central venous pressure beforeé the passive leg-raising manoeuvre or the volume
challenge. In contrast, the _ reflecting the intravascular volume,
was significantly - in _ (- (1.8) -) than -— (- (3.4) mmHg; p = 0.007) -

the passive leg-raising manoeuvre, as well as before fluid volume challenge (14.6 (2.2) mmHg vs. 17.6 (3.5) mmHg,
respectively; p = 0.02). The scalar measure volume efficiency was higher in responders at 0.35 compared with non-
responders at 0.10. -— also demonstrated _-- of —15% and -- of
—7% when given an intravenous fluid volume challenge. The results demonstrate that the _

ftemic filling pressure analoguie and derived variables can identify patients [likely to fespond to a fluid volume [challenge

and provides Salar results [Father than merely a dichotomous outcome of responder or non-responder.
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Introduction type of monitoring for guidance at the right time
Recent reviews on fluid administration in critically ill [1, 2]. Volume responsiveness is pivotal to the manage-
patients highlight the importance of matching the right ment of fluid therapy, as only patients responding to
type of fluid to the right type of patient using the right expansion of the intravascular compartment with an

© 2017 The Association of Anaesthetists of Great Britain and Ireland 1


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



Anaesthesia 2017

Cooke et al. | Volume responsiveness assessed by passive leg raising

increase in cardiac output may ultimately benefit by
improved organ perfusion. Equally important, non-
responders are harmed by excessive fluid loading, lead-
ing to cardiopulmonary congestion, tissue oedema and
worse oxygenation. Administration of an intravenous
fluid volume challenge is associated with an increase
in cardiac output in only about half of haemodynami-
cally unstable patients [3, 4].

A method to identify critically ill patients who are
volume responsive is crucial to rational clinical fluid
management. The central venous pressure (CVP) is
still commonly used as a clinical estimate of the vol-
ume status [5], although its correlation with intravas-
cular volume is unreliable and it is imprecise at
predicting volume responsiveness [6, 7]. Low mean
arterial pressure, or cardiac output, cannot in isolation
be inferred to indicate volume responsiveness.

The assumption of a low cardiac output indicating
volume responsiveness is entirely dependent on the
inotropic state of the heart, and where it is operating
on the Frank—Starling curve, as only a low-output state
in the steep ascending portion of the curve is likely to
be improved by fluid administration. Variations
induced by positive pressure ventilation in arterial
pressure, or related variables, have been investigated to
guide volume therapy [8, 9]; however, these are
restricted by the inherent physiological limitations of
pressure changes to predict flow changes [10] and a
number of prerequisite criteria that are rarely fulfilled
in critically ill patients [11-14].

While CVP, mean arterial pressure and cardiac out-
put in themselves are insufficient to establish whether a
patient is volume responsive, they do allow a compre-
hensive description of the patient’s haemodynamic state
to be formulated. The - component of the total
blood volume over the sum of all regional vascular com-

pliances generates the EAAISySIEmICIAIAEIPIESSUFe
which FEMlG the Eecive) Cfeulating Volume The

mean systemic filling pressure furthermore represents
the driving pressure for venous return to the heart
above right atrial pressure. The [f6l€ of the €aff and cir-

culation may be seen as SUpporting the [pressure gradi-
ent for venous return, by maintaining a low right atrial

- and varying resistance to venous return. A

S P YRR EROPTANED < ccioncy
is then given by the [Fafi@ of the [pressure gradient for

2

S P . - JEET TS
BN st v PTG TETE
e e
[return gradient optimally translates into cardiac output.
Conversely, a Fafiot0f 0 would be seen in [Circulatory
e DN

Adding vascular resistance completes the description of

cardiovascular function.

The methods and equations used to [Estimate @
T ST -+
[mean arterial pressure, [CVP and cardiac OUtput ar

- as well as the -- (Ey) and the -
{femic vascular resistance have been described in detail
kelsewhere [15,16] These variables, their derivation and

clinical utility, adhere to Guyton’s original description
of the regulation of cardiac output [17, 18] and have
previously been explored in several clinical studies
including assessments of intravascular volume [19-22].

The passive leg-raising manoeuvre is often pro-
moted as a method to predict volume responsiveness
by a reversible increase in venous return. Two recent
systematic reviews and meta-analyses concluded that
‘passive leg raising retains a high diagnostic perfor-
mance (to identify volume responsiveness) in various
clinical settings and patient groups’ [23] and that ‘pas-
sive leg raising-induced changes in cardiac output very
reliably predict the response of cardiac output to vol-
ume expansion in adults with circulatory failure’ [24].
Interestingly, in many of these studies, the haemody-
namic status [before passive leg raising was described
by CVP, mean arterial pressure and cardiac output,
but Without any attempts to exploit this information
further by [calculating Pmsy En and systemic vascular
resistance as descriptors of cardiovascular function.

In this review, we conceptually re-analysed pub-
lished studies on volume responsiveness using passive
leg raising and then a subsequent intravenous volume

bolus. The aim was to illustrate oW the calculated
RIS -~/ [E -
[passive lleg raising, might be used for the purpose of

determining volume responsiveness. We also studied

the concordance of these variables between the passive
leg-raising manoeuvre and acute intravascular volume
expansion. Furthermore, we wanted to explore how
those scalar variables could provide a continuous
assessment of volume responsiveness, as opposed to
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the dichotomous description of the response to passive
leg raising or a fluid bolus as merely responsive or
non-responsive.

Methods

The PubMed, EMBASE, CINAHL databases and the
Cochrane Database of Systematic Reviews were
searched using the strings:

1 passive leg raising OR passive leg raise OR passive
leg elevation OR passive leg lifting

2 fluid responsiveness OR fluid status OR fluid ther-
apy OR volume OR volume status OR preload OR
responsiveness OR resuscitation

3 #1 AND #2

No publication date restrictions were used, but only
papers published in English were retrieved. The search
was performed in January 2017 and updated in July
2017. We included all studies investigating passive leg
raising in adults admitted to an intensive care unit, and
using a specified fluid challenge to identify responders
and non-responders by a cardiac output or stroke vol-
ume criterion. Data for the standard cardiovascular vari-
ables mean arterial pressure, CVP and cardiac output
had to be reported separately at all steps of the study
(i.e. before and after passive leg raising, before and after
fluid challenge) and were collected as mean values.
Information on the type of intensive care unit, patient
inclusion criteria, cardiac output/stroke volume moni-
tor, cut-off criterion for volume responsiveness, volume,
type and infusion time for the fluid challenge, and the
number of responders and non-responders was
extracted. When height and weight of the subjects were
not reported, we used mean values of 175 ¢cm and 85 kg
obtained from previous systematic reviews of volume
responsiveness [6]. Three authors independently
assessed eligibility for inclusion (KC, RS and AA).

The
was calculated as previously described [15] incorporat-
ing CVP, mean arterial pressure (MAP) and cardiac
output (€O

BRSSO ICVREROIAIVBPERERICH| (1)

The constant [ has the dimensions of [Fesistance

and is determined by |patient anthropometrics that

© 2017 The Association of Anaesthetists of Great Britain and Ireland

Scales the [équation for patients of different height,
B v B 1< O T
sure’is’around 7ZZmmHg in humans [[25] but higher in
Griticallyill patients [26]. From Eqn 1, it is evident that
any - in the -'eﬂecting an --
I - b vy S
between [CVP, mean [arterial pressure and [Cardiac out-
Pput. If the entire Fise is in CVP, and f6N€ in mean [arte-
fial [pressuré or cardiac QUEpUE the patient is HOE
Volume responsive and, conversely, if the Enfire Fise is
in mean [arterial pressure and [cardiac loutpuf the
patent is N NN SRR T [

patient will have a response [bétWween| these extremes.
Cardiac output must equal the venous return that
depends on the and the
resistance to venous return. The [performance of the
heart at any volume state can be expressed by the sta-

i ERREGIRGEAGS . 115)

En = (P = CVP)/Prnsy 2)

The fatid of a [change in |driving pressure for
Venous freturn jover the Change in Pug represents a
measure of the - of a - - to
fincrease cardiac [output, depending on where the [car-

dia¢ function (Starling) curve [fersects with the

venous return curve [16, 20] and was termed yoluime

T I o N N O - I
utpuf is referred to as [cardiac’ power (CP) and pro-
vides an integrative measuré of cardiac hydraulic
pumping @bility that correlates with clinical outcomes

[27, 28]. The cardiac power reflects changes in
intravascular volume [29] and when findéxed to the

O e (OPG) may seve o FAlGGBIGHATRE to
OBHOF NOIBENFESPOTIVERESS (201 1t was calculted

as:

CPut = (CO x MAP/Pra) x 0.0022 (4]

The volume of the fluid challenge to identify
responders and non-responders was specified in
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eligible studies. If the administered volume is assumed
to be retained within the intravascular compartment
for the duration of the study measurements, the vol-
ume given and the change in P, allow the vascular
compliance, C,s., to be estimated by (indexed for
body weight, bw):

Cvse = fluid challenge volume/(APrs X bw)  (5)

The formal combined arterial and venous vascular
compliance is in the range_ [30].

Haemodynamic variables were normally dis-
tributed according to the D’Agostino-Pearson omnibus
normality test. The responses to passive leg raising and
differences between responders and non-responders to
the subsequent volume challenge were analysed using
unpaired or paired t-tests as appropriate. The correla-
tions between changes in the venous return driving
pressure in response to the passive leg raising and vol-
ume challenge were described by the Pearson correla-
tion coefficient. The associations between P, and E,;
and volume responsiveness were evaluated using the
area under the curve for receiver operating characteris-
tics (AUROC), including the standard error (SE). The
criterion associated with the Youden index is reported
with its 95%CI based on bootstrapping using 1000
replications. The sensitivity and specificity values are
also reported with the 95%CI. The aggregate associa-
tion between passive leg raising and volume respon-
siveness for all eligible studies was analysed by the
summary receiver operating characteristics (SROC)
[B1]; including SE, using patient numbers based on the
sensitivity and specificity results in individual studies.
The SROC was generated using MetaDisc v 1.4 (Unit
of Clinical Biostatistics, Ramén y Cajal Hospital,
Madrid, Spain) [32], and all other statistical analyses
were performed using [MedCale v 12.3 (MedCalc Soft-
ware, Ostend, Belgium). A p-value < 0.05 was consid-
ered significant for all statistical analyses.

Results

The literature search results are outlined in Figure 1.
Eleven eligible studies were identified, which included
297 patients with an increase in cardiac output follow-
ing a fluid volume bolus (responders) and 275 patients
without an increase (non-responders) [33—43]. The

406 publications in total:
PubMed (82), EMBASE (205)
CINAHL (89), Cochrane (30)

21 duplicates

[ 4 paediatric studies]

[24 non-English language articles ]

96 investigating PLR for other purposes
than to assess volume responsiveness

[69 reviews, letters, guidelines, editorials]

179 not reporting mean arterial pressure,
CVP and cardiac output separately

in responders vs. non-responders before
and following passive leg raising

v
11 studies included

Figure 1 Overview of the literature search results.

characteristics of included studies are given in Table 1.
The median (IQR [range]) volume of fluid was 500
(350500 [250-500]) ml given over a median of 10
(10-15 [10-30]) min.

A summary of standard cardiovascular variables
before and after passive leg raising split by responders
and non-responders to the volume challenge is shown
in Table 2. No statistically significant differences were
demonstrated between the groups, although the cardiac
output was numerically lower before passive leg raising

in responders (p = 0.09). _ induced
an [ilicrease in [mean arterial [pressure, [CVP and [cardiac
- and a decrease in systemic vascular resistance
in FeSpOAERS

[Calculated cardiovascular Variables before and [after

a passive leg raising are summarised in Table 3. Nota-

by, RS IOV AIFPORIES at bascline [ERGE

the passive leg raising and increased after passive leg

faising to a [alié BSimilaf to that observed in

-responders. E, and CP,, were not significantly
different between groups before or after the passive leg

© 2017 The Association of Anaesthetists of Great Britain and Ireland
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Table 1 Studies of volume responsiveness in response to a passive leg-raising manoeuvre.

Cardiac
Indication for output Proportion of
Study Setting volume expansion monitor Criterion Volume Number responders
Thiel [41] Medical Clinician’s decision Doppler SV >15% 500 ml rapid 102 46%
ICU ultrasound infusion
Biais [33] General SAP <90 mmHg, TTE SV>15% 500 ml saline 30 67%
ICU HR > 100 min~", in 15 min
skin mottling,
oliguria < 0.5
ml.kg~".hr~’
Lakhal [40] General SAP <90 mmHg, TCTD or CO > 10% 300 + 200 ml 102 42%
ICU MAP < 65 mmHg, TPTD modified fluid
skin mottling, oliguria gelatin in 18
<0.5 ml.kg ".hr, + 12 min
lactate > 2.5 mmol.
-, needing vasopressors
Guinot [37] Surgical Adult respiratory distress TTE SV >15% 500 ml saline 25 52%
ICU syndrome having in 15 min
venovenous extracorporeal
membrane oxygenation
Dong [34] Medical Severe sepsis, SAP < 90 TPTD SVI > 15% 500 ml 6% HES 32 69%
ICU mmHg, HR > 100 in 30 min
min~', skin mottling,
oliguria < 0.5 ml.kg™"
.hr=', needing
vasopressors
Kupersztych-  Medical SAP < 90 mmHg, TPTD Cl > 15% 500 ml saline 48 40%
Hagege [39]  ICU HR > 100 min~", in 10 min
skin mottling, oliguria
< 0.5 ml.kg~".hr7",
lactate > 2 mmol. |’
Xiao-ting [42] Medical Septic shock, SAP < 90 TPTD Cl>10% 500 ml saline 48 71%
ICU mmHg, lactate > in 15 min
4 mmol. 177, needing
vasopressors
Guerin [36] Medical Clinician’s decision TPTD Cl>15% 500 ml saline 30 50%
ICU in 10 min
Fischer [35] Surgical Post-cardiac surgery, TPTD Cl>15% 500 ml 6% 78 71%
ICU clinician’s decision for HES in 15 min
volume expansion
Kim [38] Surgical Atrial fibrillation after Pulmonary SVI>10% 300 ml 6% HES 43 35%
ICU cardiac valve surgery artery in 5 min
catheter
Xu [43] General SAP <90 mmHg, Bioreactance SV >10% 250 ml saline 34 41%
ICU oliguria < 0.5 ml.kg~". in 10 min
hr~', tachycardia, lactate
> 4 mmol. I7", needing
vasopressors

ICU, intensive care unit; SV, stroke volume; SAP, systolic arterial pressure; HR, heart rate; TTE, transthoracic echocardiography;
MAP, mean arterial pressure; TCTD, transcardiac thermodilution; TPTD, transpulmonary thermodilution; CO, cardiac output;
SVI, stroke volume index; HES, hydroxyethyl starch; CI, cardiac index.

raising. In non-responders, the P, did not change
following passive leg raising, while both E;, and CP
decreased. E,, was more than three-fold greater in
responders to the passive leg raising. Table 4 sum-
cardiovascular  variables in

marises  calculated

© 2017 The Association of Anaesthetists of Great Britain and Ireland

responders and non-responders to volume challenge,
with overall similar results as for the passive leg raising
including lower baseline P, in responders. The E,
was more than three-fold greater in responders than
non-responders after the volume challenge.
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Table 2 SEAGAFIGAFOVASCUIAF NAABIES IS Fe A ATiEr A pASSVE IGEERAITHENTANOBUNES, grouped by the subse-

quent response to volume expansion into non-responders and responders. Values are mean (SD).

[B&fore passive leg raising [After passive leg raising

p value
MAP CVP SVR MAP CVP co SVR before
mmHg mmHg CO L.min~" dyn.s.cm™ mmHg mmHg Lmin~"  dyn.s.cm™® vs. after
-responders 76.3 (4.6) 10.3(3.2) 6.2(1.0) 866 (145) 783 (4.7) 12.4(2.3) 6.3(0.9) 851(117) 0.37/0.13/
0.48/0.35
Responders 73.1(6.6) 85(3.6) 59(0.9)  905(150) 79.2(4.6) 11.2(3.4) 6.6(1.2) 846(158) < 0.001/
< 0.001/
< 0.001/0.007
p value 0.42 0.21 0.09 0.52 0.39 0.37 0.29 0.92

MAP, mean arterial pressure; CVP, central venous pressure; CO, cardiac output; SVR, systemic vascular resistance.

No significant correlations were found between
changes in P, — CVP, the driving pressure for
venous return, induced by passive leg raising and
changes induced by volume challenge, either in
responders (r = 0.44, p = 0.16) or non-responders
(r = 0.40, p = 0.20).

One study [36] was excluded from the SROC analy-
sis as sensitivity and specificity results were not reported,
leaving 10 studies including 542 patients. The SROC
(SE) for passive leg raising studies was 0.89 (0.03) with a
pooled sensitivity of 83% [95%CI 78-87%] and a pooled
specificity of 79% [95%CI 74-84%] (Fig. 2). The
AUROC for the association between P, at baseline
before passive leg raising and the subsequent response
to volume expansion in 11 studies was 0.87 (0.08), with
the criterion P, < 14.8 mmHg having a sensitivity of
75% (95%CI 43-95%) and a specificity of 92% (95%CI
62-99%) to be associated with volume responsiveness
(Fig. 3). The AUROC for the association between E,
observed for the passive leg raising and the response
to volume expansion was 0.89 (0.09), with the criterion
> 0.07 having a sensitivity of 99% (95%CI 72-100%)
and a specificity of 78% (95%CI 40-97%) to be associ-
ated with volume responsiveness (Fig. 4). The SROC
was not significantly different from the P,,;, AUROC
(p = 0.82) or the E,,; AUROC (p = 0.99).

The mean C,,,. was significantly lower in respon-
ders at 1.7 (0.6) ml.mmHg kg~ ' compared with non-
responders at 3.4 (3.0) ml.mmHgfl.kg*1 (p = 0.04).

Discussion
This conceptual re-analysis of studies investigating pas-
sive leg raising as a measure of volume responsiveness

calculated when mean arterial pressure, CVP, cardiac
output and anthropometric data are known. The calcu-
e Bag s SGHIRCINGY JOWEE BETE pasive e

raising in patients who were subsequently described as
[responders to a volume challenge, compared with non-
responsive patients. The - and the - providing
information on the effective circulating volume and

Venous return, were equally well associated with vol-
ume [fésponsiveness. The ROC for these two variables

was furthermore similar to the aggregate result from

studies of the passive leg-raising manoeuvre. Voluime
fresponsive patients had lower vascular compliance

compared with non-responsive patients. The investi-

gated calculated cardiovascular  variables offer

additional and scalar information on volume respon-

siveness, bringing more nuance to fluid resuscitation
HiAANENSIPISHENbINA) outcome of responder or

non-responder.

1 mean sysemic pressre analogue, P a1
in particular changes induced by fluid administration
or patient position, have been demonstrated to [corres
late well with alternative estimates of this key volumet-
ric variable [21]. The P, at baseline in both
responders and non-responders was above the normal
physiological value, but similar to previous reports in
patients admitted to an intensive care unit [19-21, 26].
A key finding in this analysis was the [ignificantly
higher Py demonstrated in fion-responders compared
with responders, indicating a larger effective circulating
Volume at baseline before the passive leg raising. The

© 2017 The Association of Anaesthetists of Great Britain and Ireland
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Table 3 (CHlGHIAtEAIARAioVASCUISF NAABIES eTore AMAVAINGE o ASSIVE I8 rising manocuvre, grouped by the subse-
quent response to fluid volume expansion into non-responders and responders. Values are mean (SD).

[B&fore passive leg raising [After passive leg raising
CPyol Pmsa CPyol p value
Pmsa mmHg  Ej, W.mmHg ' mmHg En W.mmHg ' before vs. after E,q
- - (3.4) 0.42 (0.07) 27.9(4.3) 18.5(3.6) 0.34(0.06) 25.8(4.9) 0.10/0.01/0.04 0.08 £ 0.1
responders
Responders [14122(1.8) 044 (0.08) 28.9(5.2)  [i8%6(3.7) 0.42(0.06) 285(4.8)  0.04/0.10/0.61 0.29 £ 0.1
p value 0.007 0.17 0.48 0.53 0.17 0.16 < 0.001

Ponsa mean systemic filling pressure analogue; Ey, heart efficiency; CP,,, cardiac power indexed by P .; Eyop, volume efficiency.

Table 4 Calculated cardiovascular variables before and after - volume expansion, grouped as non-responders and
responders. Values are mean(£SD).

Before volume expansion After volume expansion
Pmsa CPyol [Priee CPyol p value Before
mmHg En W.mmHg~' mmHg En W.mmHg~"  vs. After Evol
Non- - (3.5) 0.41(0.06) 27.8(3.8) 19.8 (3.0) 0.35(0.06) 25.9 (5.1) 0.10/0.02/0.01 0.10 £ 0.2
responders
Responders  [1416 (2.2) 0.45(0.08) 28.5(49)  [92(3.6) 0.42(0.05 31.0(4.2) <0.001/0.10/0.16  0.35 + 0.1
p value 0.02 0.22 0.72 0.68 0.05 0.02 0.001

Ponsa mean systemic filling pressure analogue; Ey,, heart efficiency; CP,,), cardiac power indexed by P,,; Eyol, volume efficiency.

Sensitivity
Sensitivity

T T
0 02 04 06 0.8 1
1-specificity

0 0.2 0.4 0.6 0.8 1
1-specificity

Figure 3
for the association between the

derived from
baseline haemodynamic data a passive leg-
raising manoeuvre and an [iicrease in cardiac output
following a subsequent Volume Dashed
lines = widest sensitivity and specificity 95% CI for

Figore 2 I A
[(SROC) curve for studies investigating the ability of

haemodynamic changes during a passive leg-raising
manoeuvre

utput following a subsequent volume challenge.

Dashed lines = 95% CI. each node.

lack of a response to passive leg raising, as well as to pressure, CVP and cardiac output are insufficient as
further volume loading, might thus not be surprising. comparators between groups to identify differences in
The standard cardiovascular variables mean arterial effective baseline circulating volume. Numerically
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0.8

o
o
1

Sensitivity
©
E
1

0.2.

1-specificity

Figure 4 Receiver operating characterstc (ROC)

following a subsequent
volume challenge. Dashed lines = widest sensitivity
and specificity 95% CI for each node.

higher mean arterial pressure, CVP and cardiac output
in non-responders at baseline, while not statistically
different, all contributed to the higher calculated P;q,.
e incteae in Py during pasive Jeg raisin is con-
sistent with the study by [GUerinl et al. that used an
_- to estimate mean systemic filling
pressure [36].

The . and - were not significantly different
between non-responders and responders at baseline,

but importantly [both [décréased in [OR-responders
after passive leg raising. [Meastres of cardiac perfor-
Imance were [0t different overall between responders
and non-responders, meaning that Cardiovascular func-
T Iy
responders - an - in their - state. This
is important as the _ - in
[on-responders already at baselifié could be used to
i lssatve [esveaions o SUpport Cardes out:
Uy rather than futile and potentially harmful volume
expansion. The [effects of passive leg raising are better
described by the jscalar and [Continuous Evgl which in
o responders  was [ORly about a [fhifd of that
e i ORI The EGREGHI oy thre
fore be used to assess the @mount of a change after

volume expansion, [ather than just the presence of a
hange This might enable the clinician to titrate

8

inotropic agents and further intravenous volume
administration.

The - for the associations between - at
baseline before passive leg raising and the - follow-
ing passive leg raising and volume responsiveness were
not significantly different from the SROC of the pas-

sive leg raising studies. This SUPPOrts the iportatce

ofth ol volame st e relevance of P,
including its use to derive the |dFiVing’ pressure for

venous return. The utility of P, to ascertain the vol-
ume state is arguably encouraged by the demonstration
of an association with volume responsiveness without
the need for any further positional manipulation. The

numerically lowerl AUROC for Pua compared with
- might - the _ of the - vari-
able Py, compared with the [dynami€ changes assessed
by passive leg raising, similar to other static circulatory

pressures. Interestingly, the E,, as measured from the
response to passive leg raising had a slightly higher
AUROC compared with P,.

Previous studies have indicated the importance of
vasomotor tone for the P, [44] and for the changes
in cardiac output during passive leg raising in septic
patients [45]. The observation that C,,,. was lower in

[FeSponders suggests that these patients had an
fincreased vasomotor tone and an associated [ificrease
inthe stressed volume, making them more responsive

to the mobilisation of further volume during passive
leg raising. The lack of a statistically significant corre-
lation between passive leg raising and volume-induced
changes in the venous return driving pressure might
be expected, given the variable and largely unknown
endogenous volume mobilised towards the central cir-
culation during passive leg raising and the variable
exogenous volumes used for a fluid challenge.

This conceptual re-analysis of published studies on
the utility of passive leg raising to identify patients
demonstrating volume responsiveness aimed to high-
light the benefit of additionally derived cardiovascular
variables available already during baseline conditions
or after passive leg raising. The data used were
obtained during different cardiovascular conditions,
using different monitoring techniques and protocols to
determine volume responsiveness. This heterogeneity,
while potentially limiting the precision of the analyses,

© 2017 The Association of Anaesthetists of Great Britain and Ireland
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Concurrent changes in Ej and [CPyq can be used as
part of stopping rules for volume administration in
non-responsive patients. The results do not call into
question the previously published findings pertaining
to the passive leg-raising manoeuvre but rather suggest
an alternative viewpoint conducive to further develop-
ing haemodynamic assessments to guide diagnosis and
treatment.

This review has important limitations, some of
which are inherent to the nature of the included stud-
ies. Individual study cohorts were small, and patient
characteristics as well as practices for cardiac output
monitoring and volume challenges were heterogeneous.
The time frame for measurements during passive leg
raising was not reported. No individual data were
available in the included studies, and only mean values
were extracted. While the variance of the SROC
reflects the total number of patients (n = 572), the
variance for analyses based on calculated cardiovascu-
lar variables is based on the total number of studies
(n = 11). Calculations relating to driving pressure for
venous return assume that resistance to venous return
did not change during interventions. The calculations
of compliance assume that the administered volume
remained in the intravascular space for the time span
of repeat measurements, and are thus best regarded as
estimates. The mathematical coupling between P,
and |cardiac loutput, inherent to the calculation of the
former, may contribute to the association with cardiac
output responses following volume expansion.
Notwithstanding, the P, calculation, with the poten-
tial for prediction, is not linked to the change in car-
diac output, used as the arbiter of the response.

In conclusion, the calculation of mean systemic
filling pressure analogue and derived variables can
identify patients likely to respond to a fluid volume
challenge and provides scalar results beyond the
dichotomous outcome of responder or non-responder.
These variables, available when cardiac joutput, mean
arterial pressure and CVP are known, warrant further
clinical study as adjuncts to assessing volume respon-
siveness.
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